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Re Item V. 



1 . Prior Art 

Reference is made to the following documents: 

D1 = US5553483 A 

D2 = US4754638 A 

D3 = US3762212A 

D4 = US6314794B1 

D5 = US5939619A 

D6 = US5767391 A 

2. Technical Fieid 

The invention relates to a system for and a method of determining the leakproofness of 
an object having a first cavity, wherein a closed chamber having a second cavity is 
arranged to envelope said object within said second cavity, wherein a tracer gas is 
supplied into the one of said cavities and wherein a transport gas other than said tracer 
gas is introduced Into the other of said cavities for transporting any tracer gas in said 
other of said cavities towards a detecting means. 

3. Closest and Most Relevant Prior Art 

Such a system and method are disclosed in document D1 . 

4. Novelty (Article 33(1 ),(2) PCT) 

The present invention as it is defined in the independent claims 1 and 13 differs from the 
l<nown apparatus and method essentially by the following features: 
(i) evacuating means are provided to lower the pressure inside one of said first and 
second cavities with respect to the ambient pressure, said evacuating means being 
arranged to compress arriving gas to the ambient pressure of the other chamber; 
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(ii) the detecting means are arranged to communicate witfi the one of said cavities 
rendered the lower pressure via the evacuating means and to operate at the 
ambient pressure of said other chamber; 

(iii) the tracer gas is hydrogen. 

Thus, present independent claims 1 and 13 are novel. 

5. Inventive Step (Article 33(1 ),(3) PCX) 

The technical effects of these features are the following: By evacuating one of said 
chambers the dead volume can be reduced by the reduction of the total gas pressure 
in said chamber. A simple and cheap detector can be used, since the detector is 
operated at ambient pressure and not under vacuum conditions. In addition, the 
evacuation of said chamber achieves a relatively high test speed as well as a high 
sensitivity. 

No document discloses or suggests an evacuating means being arranged to compress 
arriving gas to ambient pressure so as to operate the detecting means at ambient 
pressure. 

Documents D1 and D2 do not disclose evacuation of any chamber during testing, 
whereas documents D3 to D6 suggest detection under vacuum conditions, but mention 
neither a transport gas nor a compression of arriving gas to ambient pressure so as to 
operate the detecting means at ambient pressure. 

Accordingly, an inventive step of present independent claims 1 and 13 is acknowledged. 

6. Dependent Claims 

Dependent claims 2 to 12 and 14 to 22 relate to additional features of the independent 
claims to which they refer and are therefore deemed to be novel and inventive. 

7. Industrial Applicability (Article 33(1 ),(4) PCT) 

Beyond any doubt, the invention, as it is defined in claims 1 to 22, is industrially 
applicable; e.g. in detemnining the leakproofness of a device under test. 
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8. Further Remarks and Objections 

Contrary to the requirements of Rule 5.1(a)(il) PCX, the relevant background art 
disclosed in the documents D1 to D4 is not mentioned in the description, nor are these 
documents identified therein. 
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Claims 



1. 

5 
10 
15 
20 
25 

2. 

30 3. 
35 4. 



A system (1) for determining the leakproofness of an object (2) having a first cavity 
(3), said system (1) comprising 

a closed chamber (4) having a second cavity (5), which chamber (4) is arranged to 
envelope said object (2) within said second cavity (5), 

evacuating means (6) being arranged to lower the pressure inside one of said first 
cavity (3) and second cavity C5) with respect to the ambient pressure, 

supplying means (7) for supplying a tracer gas (8) into the one of said cavities 
(3, 5) rendered the higher pressure, and 

detecting means (9) being sensitive to said tracer gas (8), 

characterized In, that said system (1) further comprises Introduction means (10) 
being, arranged to introduce a transport gas other than said tracer gas (8) into the 
one of said cavities (3, 5) rendered the lower pressure, and said evacuating means 
(6) further being arranged to compress arriving gas to the ambient pressure of the 
chamber (4), and said detecting means (9) being arranged to communicate with the 
one of said cavities (3, 5) rendered the lower pressure via the evacuating means 
(6) and being arranged for operation at the ambient pressure of said chamber (4), 
and said tracer gas (8) being hydrogen, 

A system (1) according to claim 1, characterized in^ said introduction means (10) 
being arranged to Introduce the transport gas into the one of said cavities (3, 5) 
rendered the lower pressure during at least one controlled time Interval. 

A system (1) according to claim 2, characterized in, said introduction means (10) 
being arranged to Introduce the transport gas in a continuous flow Into the one of 
said cavities (3, 5) rendered the lower pressure during the at least one controlled 
time interval, 

A system (1) according to claim 2, characterized In, said Introduction means (10) 
being arranged to Introduce a controlled amount of the transport gas into the one of 
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said cavities (3, 5) rendered the lower pressure during a first part of the at least 
one controlled time interval. 

5. A system (1) according to claim 4, characterized in, said introduction means (10) 
5 further being arranged to introduce a continuous flow of the transport gas into the 

one of said cavities (3, 5) rendered the lower pressure during a second part of the 
at least one controlled time interval, 

6. A system (1) according to claim 4, characterized in^ said evacuating means (6) 
10 further being arranged to evacuate tracer gas (8) from the one of said cavities 

(3; 5) rendered the lower pressure towards said detecting means (9) during an 
evacuation time interval, 

7. A system (1) according to any of the preceding claims, characterized in, that the 
15 transport gas Is air or nitrogen. 

8. A system (1) according to any of the preceding claims, characterized in, that the 
system (1) further comprises a first valve (19) located in an Inlet (21) of the ore of 
said cavities (3,_5) rendered the lower pressure and a second valve (20) located In 

20 an outlet (22) of the one of said cavities (3, 5) rendered the lower pressure. 

9. A system (1) according to any of the preceding claim^ characterized in, that the 
system (1) further comprises a filter (24) in an Inlet (23) of the Introduction means 
(10), 

25 

10. A system (1) according to any of the preceding claims, characterized In, that said 
first cavity (3) Is rendered the lower pressure* 

11. A system (1) according to any of claims 1-9, characterized in, that said second 
30 cavity (5) Is rendered the lower pressure. 

12. A system (1) according to any of the preceding claims, characterized in, that said 
object (2) IS an aluminium wheel or an alumlnlum-alloy wheel. 

35 13, A method for determining the leakproofness of an object (2) having a first cavity 
(3), said method comprising the steps of: 

enveloping said object (2) within a second cavity (5) of a closed chamber (4), 
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establishing by evacuating means (6) a lower pressure inside one of said first cavity 
(3) and second cavity (5) with respect to the ambient pressure, 

supplying a tracer gas (8) by supplying means (7) Into the one of said cavities 
5 (3, 5) rendered the higher pressure, and 

detecting said tracer gas (8) in the one of said cavities (3, 5) rendered the lower 
pressure with detecting means (9) being sensitive to said tracer gas (8), 

10 characterized In, that the step of detecting said tracer gas (8) is preceded by a 

step of introducing a transport gas other than said tracer gas (8), Into the one of 
said cavities (3, 5) rendered the lower pressure, by introduction means (10) for 
transporting any tracer gas (8) in the one of said cavities (3, 5) rendered the lower 
pressure towards the detecting means (9) via the evacuating means (6), a step of 

15 compressing gas arriving at the evacuating means (6) to the ambient pressure of 
the chamber (4) and a step of pumping compressed gas to the detecting means (9) 
by the evacuating means (6), that the step of detecting said tracer gas (8) 
comprises detecting at the ambient pressure of the chamber (4) and that the tracer 
gas is hydrogjBn> 

20 

14. A method according to claim 13, characterized In, that the step of Introducing the 
transport gas into the one of said cavities (3, 5) rendered the lower pressure Is 
performed during at least one controlled time interval. 

25 15. A method according to claim 14, characterized in, that the step of introducing the 
transport gas into the one of said cavities (3, 5) rendered the lower pressure during 
the at least one controlled time interval further comprises introducing the transport 
gas in a continuous flow for transporting tracer gas (8) in the one of said cavities 
(3, 5} rendered the lower pressure towards said detecting means (9). 

30 

16. A method according to claim 14, characterized in, that the step of Introducing the 
transport gas into the one of said cavities (3, 5) rendered the lower pressure during 
the at least one controlled time interval further comprises Introducing a controlled 
amount of transport gas during a first part of the at least one controlled time 
35 Interval for compressing accumulated tracer gas (8) in the one of said cavities (3, 

5) rendered the lower pressure in order to produce a short and concentrated pulse. 



is- AMENDED SHEET i2BmM^\ 

" ^ Empf.zeit:23/06/2005 11:31 uiihi -nr .:091 P.Oll 



^;Printedrlil<V2005>« fax + 46 13 355579 V<XMSPAMD' 



PO MuBChen 



0^04801702( 



19 



5 

18. 

10 

19, 

15 

20. 

20 

21. 

25 

22. 



A method according to claim 16, characterized in, that that the step of introducing 
the transport gas Into the one of said cavities (3, 5) rendered the lower pressure 
during the at least one controlled time interval further comprises introducing the 
transport gas in a continuous flow during a second part of the at least one 
controlled time interval for transporting said pulse towards the detecting means (9), 

A method according to claim 16, characterized in, that the method further 
comprises a step of evacuating transport gas by the evacuating means (6) from the 
one of said cavities (3, 5) rendered the lower pressure during at least one controlled 
evacuation time Interval for transporting said pulse towards the detecting means 



A method according to any of the preceding claims, characterized in^ that the step 
of introducing a transport gas other than said tracer gas (8) into the one of said 
cavities rendered the lower pressure is preceded by a step of accumulating tracer 
gas (8) in the one of said cavities (3, 5) rendered the lower pressure, 

A method according to any of the preceding claims, characterized in, that the step 
of introducing a transport gas further comprises eliminating contaminants in the 
transport gas using a filter (24) before the introduction* 

A method according to any of the preceding claims, characterized in, that the step 
of establishing a lower pressure inside one of said first and second cavities (3, 5) 
comprises establishing the lower pressure In the first cavity (3). 

A method according to any of claims 13-20, characterized In, that the step of 
establishing a lower pressure Inside one of said first and second cavities (3, 5) 
comprises establishing the lower pressure in the second cavity (5). 
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within said second cavity; evacuating means being arranged to lower the pressure inside 
one of said first and second cavities with respect to the ambient pressure; supplying 
means for supplying a tracer gas into the one of said cavities rendered the higher 
pressure; and detecting means being sensitive to said tracer gas. 

5 

This object is achieved In accordance with the characterizing portion of claim 1. 

Thanlcs to that the system further comprises introduction means being arranged to 
introduce a transport gas other than the tracer gas into the one of the cavities rendered 

10 the lower pressure, and said evacuating means further being arranged to compress 
arriving gas to the ambient pressure of the chamber, and said detecting means being 
arranged to communicate with the one of said cavities rendered the lower pressure via 
the evacuating means and being arranged for operation at the ambient pressure of said 
chamber and said tracer gas being hydrogen. It Is possible to achieve a relatively high 

15 test speed and high sensitivity as well as a low equipment and maintenance cost. 

It Is a further object of the present invention to provide an improved method for 
determining the leakproofness of an object having a first cavity, said method comprising: 
enveloping said object within a second cavity of a closed chamber; establishing by 
20 evacuating means a lower pressure Inside one of said first and second cavities with 

respect to the ambient pressure; supplying a tracer gas by supplying means into the one 
of said cavities rendered the higher pressure; and detecting said tracer gas in the one of 
said cavities rendered the lower pressure with detecting means being sensitive to said 
tracer gas. 

25 

This object is achieved in accordance with the characterizing portion of claim 13. 

Thanks to that the method further comprises that the step of detecting said tracer gas is 
preceded by a step of introducing a transport gas other than said tracer gas, into the one 

30 of the cavities rendered the lower pressure, by introduction means for transporting any 
tracer gas in the one of said cavities rendered the lower pressure towards the detecting 
means via the evacuating means, a step of compressing gas arriving at the evacuating 
means to the ambient pressure of the chamber and a step of pumping compressed gas to 
the detecting means by the evacuating means, that the step of detecting the tracer gas 

35 comprises detecting at the ambient pressure of the chamber and that the tracer gas is 

hydrogen, it is possible to achieve a relatively high test speed and high sensitivity as well 
as a low equipment and maintenance cost. 

Preferred embodiments are listed in the dependent claims. 

40 

Still other objects and features of the present invention will become apparent from the 
following detailed description considered in conjunction with the accompanying drawings. 
It is to be understood, however, that the drawings are designed solely for purposes of 
Illustration and not as a definition of the limits of the Invention, for which reference 
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In order to be able to detect any leaks, a detectable tracer gas 8 is then supplied by 
means of supplying means 7 into the first cavity 3. The tracer gas 8 is usually 
pressurized. If there are any leaks in the object 2, a leak flow of tracer gas 8 will then be 
provided Into the second cavity 5 due to the pressure difference. According to the 
5 invention, hydrogen is used as tracer gas. Any leaking tracer gas 8 is allowed to 

accumulate in the second cavity 5 during an accumulation time through dosing a first 
valve 19 located in an inlet 21 and a second valve 20 located In an outlet 22. 

Even if the dead volume in the second cavity 5 is reduced by lowering the pressure, it is 

10 according to the following invention not reduced to very low pressure, I e high vacuum, 
and thus the dead volume is not reduced to such an extent that the Important parameter 
test speed is satisfactory high. In order to even further Increase the test speed, a 
continuous flow of a transport gas is introduced after the accumulation time by the 
introduction means 10 into the second cavity 5 during a controlled time interval. Any 

15 accumulated tracer gas 8 in the second cavity 5 Is then transported towards the 

detecting means 9 being sensitive to the tracer gas 8 via the evacuating means 6 by the 
transport gas. Before the introduction of the transport gas, contaminants may optionally 
be eliminated using a filter through oxidation. The introduction of the transport gas 
reduces the timeJt.takesJor_any_tracec gas 8 in the second_cavLty. 5. to reach the 

20 detecting means 9 and implies therefore that the test speed is Increased. The flow of the 
transport gas Is regulated by the flow regulating means 18. Any leaking tracer gas 8 
arriving at the evacuating means 6 through an Inlet 11 of the evacuating means 6 Is 
compressed by a pump 13 to the ambient pressure of the chamber 4, pumped out 
through an outlet 12 of the evacuating means 6 and detected by the detecting means 9 

25 at the ambient pressure. The ambient pressure is usually the atmospheric pressure. 

In a second embodiment the method in accordance with the present invention is suited 
to be used when one so-called steady-state analysis method is to be applied for 
determining the leakproofness of an object 2 having a first cavity 3. The second 

30 embodiment resembles the first embodiment except for that it does not comprise a step 
of accumulation of tracer gas 8. Thus, the transport gas is Introduced without being 
preceded by any accumulation of tracer gas. Furthermore, the extent of the 
leakproofness of the tested object is then determined when a steady-state concentration 
of tracer gas 8 is achieved In the flow of transport gas, i e the leakproofness Is 

35 determined by the detecting means 9 through detecting the concentration of tracer gas 8 
In the flow of transport gas when there Is a steady-state concentration of tracer gas. 
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